independent variables (+, 0, -levels) were: glucose (0, 1 and 2 g/L), KNO 3 (1, 2 and 3 g/L), and peptone (0.4, 2 and 4 g/L), while the number of viable cells (log/mL) was chosen as a dependent factor (response
INTRODUCTION
In the past decades, a widespread use of inorganic pesticides has been registered, influencing the accumulation of nitrate in soils and underground waters (1) . Excessive levels of nitrate in drinking water could potentially cause human health problems such as blue-baby syndrome in infants (2) and stomach cancer in adults (1) . Moreover, a high nitrate concentration in water is commonly related to eutrophication in the aquatic environment (3) . In order to prevent such occurrences, the maximum allowed concentration of nitrate in drinking water recommended by the World Health Organization is 10 mg/L (NO 3 --N) (4) .
Considering that the accumulation of nitrate is a global problem, an intensive research in the field of removal of nitrate from water and soil has been carried out (5) (6) . It has been pointed out that one of the possible ways to remove nitrate from contaminated areas is the usage of high performance biological processes, such as denitrification thanks to its selectivity and posibility of total nitrate elimination (2) . Biological denitrification is a process of reducing nitrate and nitrite to nitrogen oxides and molecular nitrogen by metabolic activities of microorganisms (7) . In the studies related to biological denitrification processes Pseudomonas stutzeri is usually used as a model microorganisam, due to its ability to reduce nitrate up to molecular nitrogen (8) .
Although the field of biological denitrification by P. stutzeri has been briefly studied, there are no available scientific papers focusing on the composition of adequate media for enhancing the biomass production of P. stutzeri, which is important for industrial scale biomass production and application on wide contaminated areas. Previous studies related to P. stutzeri have dealt with the effect of C/N ratio, pH value, temperature, dissolved oxygen and other parameters on its denitrification efficiency (9-10). Moreover, it has been proven that P. stutzeri can be successfully used for wastewater treatments (99% efficiency in removal of 200 mg/L NO 3 ) (6), as well as for biocleaning of cultural heritage materials (11) (12) .
The most common modern method for the optimization of medium composition is response surface methodology (RSM) coupled with appropriate experimental design (Placket-Burmann, Box-Bhenken, etc.). RSM is a statistical technique for modeling and optimization of multiple variables, to determine the optimum process conditions (parameters) by coupling experimental designs with interpolation by second-order polynomial equations in sequential testing procedure (13) Therefore, the aim of this work is to establish the appropriate media for maximizing the biomass production of Pseudomonas stutzeri ATCC 17588 and Pseudomonas stutzeri D1 (wild strain) on a laboratory level by using response surface methodology combined with the Box-Bhenken experimental design.
EXPERIMENTAL

Microorganisms
The bacteria strain Pseudomonas stutzeri ATCC 17588 was used as a reference culture, and Pseduomonas stutzeri D1 as a wild strain, previously isolated from the Danube and identified by Vitek ® 2 Compact System (BioMérieux, Craponne, France) (14) . Both microorganisms were stored in Nutrient Broth (HiMedia, Mumbai, India), with the addition of glycerol (Lach-ner, Neratovice, Czech Republic) as a cryoprotectant and kept in the freezer for ultra-low temperatures (Snijders Labs, Tilburg, the Netherlands) at -80 °C.
Cultivation media
The production of biomass was performed in the cultivation media whose content depends on the chosen experimental design. In the media for both testing microorganisms the content (g/L) of glucose (Lach-ner, Neratovice, Czech Republic; purity ≥99.5%), KNO 3 (Centrohem, Stara Pazova, Serbia; purity >99%), and peptone (HiMedia, Mumbai, India) was varied. The pH value of each medium was adjusted to 7.0 prior to sterilization at 1 bar/121 °C for 15 min.
Cultivation conditions
The biomass production was performed in Erlenmeyer flasks (300 mL) containing 90 mL of the medium. The suspension of microorganism was prepared from a 24-hour culture by removing the biomass from the agar slant and suspending it in 9 mL of sterile saline suspension to reach approximately the concentration of 3x10 8 CFU/mL, corresponding to McFarland No. 1 standard. Afterwards, the suspension was further diluted to the final concentration of 10 4 CFU/mL. The inoculation of the media was performed by adding 10% (v/v) of the prepared bacterial suspension. The cultivation was carried out at room temperature for 24 h.
Determination of viable number of bacterial cells
At the end of the process, 1mL of homogenized cultivation medium was separated. The separated aliquot was further diluted and a volume of 100 μL of each dilution was spread onto previously prepared sterile Plate Count Agar (HiMedia, Mumbai, India). After the incubation at 37 °C for 24 h, the colonies were counted, and the number of viable cells per milliliter was determined.
Experimental design and optimization by RSM
The Box-Bhenken design with three factors at three levels and three repetitions in the central point and RSM were used to optimize the composition of the cultivation medium and determine the influence of the media ingredients on the biomass production. A total of 15 runs, including the replicated center points, were performed. The content (g/L) of glucose (X 1 ), KNO 3 (X 2 ) and peptone (X 3 ) were setup as independent factors, while the number of viable cells (Y), as an indirect criterion of biomass yield, was chosen as a dependent factor (response). The three levels of each independent factor were coded as -1, 0 and +1, corresponding to the lower, middle and higher values, respectively. The complete experimental design is given in Table 1 .
The relations between the independent factors and the response were calculated by the second-order polynomial equation (15):
where Y is the defined response; b 0 is the intercept, b i , b ii and b ij are the linear, quadratic and interaction regression coefficient, respectively, while X i and X j are the varied factors. Statistical analyses of the experimental results were performed using Statistica software v. 13.2 (Dell, Round Rock, Texas, USA). The significance of the influence of each examined factor, as well as their interaction, was examined by comparing the tvalues for each of the coefficients in the regression equation [1] . The response surface plots were created with the same software and drawn for a constant value of one factor and varied values of the other factors.
RESULTS AND DISSCUSION
As a general rule, each organism has its own nutritional requirement for maximum biomass production (15) . To our knowledge, no medium has yet been established for biomass production of P. stutzeri. In this study, the media for maximizing the biomass production of selected denitrifying bacteria (reference and wild strain of P. stutzeri) were formulated by varying contents of KNO 3 , peptone, and glucose. The basis for the selection of culture media ingredients was the composition of the Nitrate Broth (Difco TM Nitrate Broth, Becton, Dickinson and Company, Le Pont-de-Claix, France). This medium is recommended for the detection of nitrate reduction with the intention of differentiating and identifying various types of bacteria. Two main components of the Nitrate Broth, peptone as a source of proteins and KNO 3 as a source of nitrate, were chosen as a part of
Original scientific paper 299 the new medium for the biomass production of the P. stutzeri. The content (g/L) of peptone and KNO 3 in Nitrate Broth is 4 and 3, respectively. In order to reduce cost of the new culture medium, the content of peptone and KNO 3 was varied as it is shown in Table  1 .
Although denitrifying bacteria usually use nitrates as a terminal electron acceptor in the respiratory pathway, there are indications that the addition of external carbon source with the role of an electron acceptor and source of energy such as glucose, may accelerate the denitrification process and bacterial growth (9, 16) . Based on the previously mentioned positive results of carbon addition on the denitrifying bacteria growth, glucose (common carbon source) was chosen as a third component in the new medium, and its content was varied through the experiment as it is presented in Table 1 .
In order to achieve the goal of this study, the experiments formulated by the BoxBhenken design were conducted and the obtained results are given in Table 2 . For the defined response presented in Table 2 (number of viable cells (log/mL)), a polynomial model of the second-order [1] was established to evaluate and quantify the influence of the examined factors. The t-value is used to determine the significance of the regression coefficients. The coefficients of the regression equation and t-values at a confidence level of 95% are given in Table 3 . As it can be seen from Table 3 , the coefficients of the regression equation may have positive and negative values. When a synergistic effect between the examined factors exists, then the coefficient of regression equation has a positive sign for the value. On the other hand, a negative sign represents an antagonistic effect of the varied factors.
In order to understand the interactions of the examined factors and define the optimal contents of the media ingredients, three-dimensional response surface plots were generated. Each plot represents the effect of two factors on the response (number of viable cells), whereas the third factor was maintained at the central value from the Box-Bhenken experimental design.
The effects of the initial content of glucose and KNO 3 on the number of cells of P. stutzeri (reference and wild strain) at the constant level of peptone (2 g/L) are shown in Figure 1a -b. Based on the obtained results (Figure 1a) it is evident that, in the case of P. stutzeri ATCC 17588, the maximum number of viable cells (about 8 log/mL) is achieved in the medium without glucose (0 g/L) and at any concentration of KNO 3 . In the case of P. stutzeri D1, the maximum number of viable cells (about 7.5 log/mL) is observed for the lowest (1 g/L) and highest (3 g/L) content of KNO 3 , when the content of glucose is in the range of 0-1 g/L. The effects of the initial content of peptone and KNO 3 on the number of viable cells of the tested microorganisms at a constant glucose concentration (1g/L) are presented in Figures 3a-b . For the achievement of the maximum number of viable cells of the both examined microorganisms the highest content of peptone in cultivation medium is required. Also, it can be noticed that, in the case of P. stutzeri ATCC 17588, the number of viable cells does not depend on the KNO 3 content (Figure 3a) . On the contrary, the maximum number of the viable P. stutzeri D1 cells is achieved only when the highest concentration of KNO 3 (3 g/L) is present in the medium. According to the results presented in Figure 1 -3 it can be concluded that the maximum production of P. stutzeri ATCC 17588 biomass (8.5 log/mL) is achieved in a medium which contains glucose, KNO 3 and peptone in the following concentrations (g/L) 0, 2, and 4, respectively. The optimal medium for the P. stutzeri D1 biomass production consists of glucose (1 g/L), KNO 3 (3 g/L) and peptone (4 g/L). Namely, it can be noticed that glucose in the media stimulates the biomass production of the wild strain, while, in the case of the reference strain of P. stutzeri, glucose does not have an impact on the maximization of the biomass production.
To our knowledge, these are the first results related to the adequate media composition for maximizing the P. stutzeri biomass production. Тhe obtained results may further be used for the scaling-up of the P. stutzeri biomass production (pilot and industrial production). The production of P. stutzeri biomass on an industrial scale will have an enormous impact on the bioremediation processes, that will lead to the removal of nitrates from large contaminated surfaces. In this way, the global problem of nitrate generation would be reduced, which in the long term would have a positive effect on the protection of the environment and human health. Последњих година се спроводе опсежна истраживања о примени биоремедија-ције за превенцију и решавања глобалног проблема акумулацијe нитрата, нарочито у води и земљишту. У оквиру истраживања процеса биолошке денитрификације, бактерија Pseudomonas stutzeri се најчешће користи као модел организам због спо-собности потпуне редукције нитрата. Циљ овог рада је формулисање хранљиве подлоге на лабораторијском нивоу погодне за максималну продукцију биомасе бак-теријских сојева Peudomonas stutzeri ATCC 17588 и Pseudomonas stutzeri D1
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